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[SasOl, SSKS91] , . ,
Hensel Taylor $\varphi_{\dot{l}}$ . Hensel
, a) , b) , 2 . ,
Hensel 1 [SasOl] ,
.
2
$x$ , $u$ , $F(x, u)$ :
$F(x, u)=f_{n}(u)x^{n}+f_{n-1}(u)x^{n-1}+\cdots+f_{0}(u)\in \mathrm{C}[x, u]$ . (1)
, $u$ $l$ $u_{1},$ $\ldots,$ $u_{l}$ , $u=(u_{1},$ $\ldots$ , u : $F(x, u)=F(x, u_{1}, \ldots, u\iota)$ ,
$\mathrm{C}[x, u]=\mathrm{C}[x, u_{1}, \ldots, u\iota]$ .
1( )
$F$ $\mathrm{A}$ (infinity norm) $F$ , $||F||$ .
Yasu@math.tsukuba.ac.j $\mathrm{p}$





Hensel ( , $u=(u_{1}, \ldots, u\iota)$ [ $s=(s_{1}, \ldots, s\iota)\in \mathrm{c}^{l}$ (expansion
point) , $s$ $F(x, s)$ (singular point) .
3( Hensel [SSKS91])
$\langle u_{1}-s_{1}, \ldots, u\iota-s\iota\rangle$ $U$ . $k$ , $F_{i}^{(k)}$
.
$F(x, u)\equiv f_{n}(u)\cdot F_{1}^{(k)}(x, u)\cdots F_{n}^{(k)}(x, u)$ (mod $U^{k+1}$ ), (2)
$F_{i}^{(k)}(x, u)\equiv F_{\dot{0}}^{(0)}(x)$ (mod $U$), $i=1,$ $\ldots,$ $n$ . (3)
4( [SSKS91])
$F,$ $G,$ $H,$ $\Delta\in \mathrm{C}[x, u],$ $\epsilon$ . $F$ , $F$ (tolerance)\epsilon $G,$ $H$
(approximate factorization) .
$F=GH+\Delta$ , $||\Delta||/||F||=\epsilon\ll 1$ . (4)
$F=GH$ (tol $\epsilon$) .
5
$\lceil\varphi_{i}(u)\rceil^{a}$ $a$ $\varphi_{\dot{\iota}}(u)$ , $\lfloor \mathcal{U}(u)\rfloor_{b}$ $b$ $\varphi_{i}(u)$
. , $[\varphi i(u)]_{b}^{a}=\mathrm{d}\mathrm{e}\mathrm{f}\lceil\lfloor\varphi_{i}(u)\rfloor_{b}\rceil^{a}$ .
6( $\overline{e}$)
$F(x, u)$ $e_{i}=\mathrm{t}\deg_{u}(f_{\dot{l}}(u))\mathrm{d}\mathrm{e}\mathrm{f}(i=1, \ldots, n)$ , $\overline{e}$
$\overline{e}=e_{n}\mathrm{d}\mathrm{e}\mathrm{f}+\max\{(e_{n-j}-e_{n})/j|j=1, \ldots, n\}$ (5)
.
3
, $(\epsilon=0)$ . ,
, [SasOl, SSKS91] .
$F(x, u)$ $F(x, u)=G(x, u)\cdot H(x, u)$ .
$\{$
$G(x, \mathrm{u})$ $=$ $g_{m}(u)x^{m}+\cdots+g0(u),$ $m>1$ ,
$H(x, u)$ $=$ $h_{n-m}(u)x^{n-m}+\cdots+h_{0}(u))n-m>1$ . (6)
$F(x, u. )$ Hensel , ( $\varphi_{i}(u)$ Taylor ).











$\varphi_{i_{m}}(i_{1}, \ldots, i_{m}\in\{1, \ldots, n\})$ , $F(x, u)$ $G(x, u)$
. . $a_{i}=$ $(a_{i1}a_{i2}$ . . . $a_{in’})$ , $\varphi_{i}^{2},$ $\ldots,$ $\varphi_{i}^{m}$ ,
$M$
$M=\mathrm{d}\mathrm{e}\mathrm{f}(\begin{array}{llll}a_{11} a_{12} a_{1n’}a_{21} a_{22} ..\cdot\cdot a_{2n’}\vdots \vdots \vdots a_{n1} a_{n2} \cdots a_{nn’}\end{array})$ $arrowarrowarrow..\cdot$ $\varphi_{n},\varphi_{n}^{2}\varphi_{2},\varphi_{2}^{2}\varphi_{1},\varphi_{1}^{2}.\cdot.$”, $\cdot.\cdot$
.
(9)
. $M$ $i$ $i$ , $a:_{1}+a:_{2}+\cdots+a:_{\mathrm{m}}=0$




Hensel , , a) , b)
, 2 , 2
. 1 .
1: Hensel
$\ovalbox{\tt\small REJECT} \text{ }(k\text{ })\frac{-}{\mathrm{B}}+\text{ }7\mathrm{f}\mathrm{f}\mathrm{i}(\mathrm{F}\mathrm{P})\mathrm{f}\mathrm{f}_{\backslash }\mathrm{f}\mathrm{f}\mathrm{l}\mathrm{f}\mathrm{f}\mathrm{l}(\mathrm{c}\mathrm{o}\mathrm{e}\mathrm{f}\mathrm{f}\mathrm{i}\mathrm{c}\mathrm{i}\mathrm{e}\mathrm{n}\mathrm{t}\mathrm{o}\mathrm{f}u_{1}^{k}- \mathrm{t}\mathrm{e}\mathrm{m})\ovalbox{\tt\small REJECT} \text{ _{}\mathrm{B}}\Re(\mathrm{e}\mathrm{r}\mathrm{r}\mathrm{o}\mathrm{r}\mathrm{o}\mathrm{f}\mathrm{c}\mathrm{o}\mathrm{e}\mathrm{f}\mathrm{f}\mathrm{i}\mathrm{c}\mathrm{i}\mathrm{e}\mathrm{n}\mathrm{t})$
10 003 $-0.00090-0.02439i$ 172877 $\mathrm{x}10^{-14}$.0 .72 $\mathrm{x}$ $10^{-14}$
20 0.14 $0.01348+0.00533i$ 1.70781 $\mathrm{x}$ $10^{-10}$
30 0.44 $-0.01871+0.00968i$ 1.79381 $\mathrm{x}$ $10^{-6}$
40 0.91 $-0.03125i$ 2.83210 $\mathrm{x}$ $10^{-2}$
50 1.75 $352.0+60.0i$ 5.76133 $\mathrm{x}$ $10^{2}$




, $\varphi_{10}$ $u_{1}^{k}$ . 40 50 , $u_{1}^{k}$
, . ,
, . , ,
[SasOl].
42
, $P$ $s^{(\mathrm{p})}=\mathrm{d}\mathrm{e}\mathrm{f}(s_{1}^{(p)}, \ldots,s_{l}^{(p)})$ $(p=1, \ldots,P)$ ,
$F(x, s^{(p)})$ $=$ $f_{n}(s^{(p)})\cdot(x-\alpha_{1}^{(p)})\cdots(x-\alpha_{n}^{(p)})$ , $\alpha_{1}^{(p)}$. $s^{(\rho)}$ ,






, , Smith ([ $\mathrm{S}]$ ),
([ $\mathrm{B}]$ ), Taylor ([ $\mathrm{T}]$ ) 3 .




$\varphi_{i}^{(1)}-\varphi_{i}^{(P)}$ , $i=1,$ $\ldots,$ $n$ , (11)











. . $p$ Hensel
$p$ , , $1_{p}^{\mathrm{A}n+-1\overline{\mathrm{e}}}$]
([ $\cdot]$ . ).
5
$n$ 2 $F(x, u_{1})$ , $n$ t 50 , .
, $n=\mathrm{t}\deg_{x}(F)$ , (5) $\overline{e}$ $\overline{e}=1$ . [KS97]
, . $\mathrm{P}\mathrm{C}(\mathrm{O}\mathrm{S}$ :Vine Linux 26,
CPU :AthlonXP $1.60\mathrm{G}\mathrm{H}\mathrm{z}$ , Memory : $1\mathrm{G}\mathrm{B}$) GAL .
.
$\bullet$ Algorithm-l: 1 ( : $s=0$).. AlgOrithm-2: 2 ( : $s_{1}^{(1)}=0,$ $s_{1}^{(2)}=0.02$).
$\{$
AlgOrithm-2S: [ $\mathrm{S}$ ] .
$\mathrm{A}\mathrm{l}\mathrm{g}\mathrm{o}\mathrm{r}\mathrm{i}\mathrm{t}\mathrm{h}\mathrm{m}-2\mathrm{B}$ : [ $\mathrm{B}$] .
AlgOrithm-2T : [ $\mathrm{T}$] ( 3 ).
5.1
1( ) , . 10 T , 2
. , $F(x, u_{1})$ $n$ , Hensel
2 2 . 2
12 , .
1( ) . AlgOrithm-2 3 ,
,
. AlgOrithm-2S 1 . , Smith
, , 1 $[\mathrm{S}\mathrm{I}02\mathrm{a}, \mathrm{S}\mathrm{I}02\mathrm{b}]$ ,
23-4
168
. , AlgOrithm-2B -2T , 1 ,
. .









2 , , 2 1









, , 255 $\mathrm{x}10^{-14}$










(14) , . (14) AlgOrithm-2 ,
$\varphi:(u_{1})$ $u_{1}^{7}$ . $\varphi_{i}(u_{1})$ .
$\{$
$||\lceil\varphi_{1}.\rceil^{7}||$ $\sim<$ 24 $\mathrm{x}10^{7}$ , $i=2,3,9,11$ ,






Alg0rithm-1, -2 . ,
( 3). , Alg0rithm-1,-2 (14)
.
3: ( $1\leq$ $\leq 12,$ $i\neq j$ )
2 , .
( ) Algorithm-l $s=\eta$ , AlgOrithm-2 $s_{1}^{(1)}$ $=\eta,$ $s_{1}^{(2)}=0.02+\eta$ , $\eta=0$
Hensel , $\eta$ $0<\eta\leq 3$ , Hensel
.
3 . , .
, .
.






Taylor , 2 .
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